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1
YELLOW LIGHT EMITTING PHOSPHOR
AND LIGHT EMITTING DEVICE PACKAGE
USING THE SAME

This application claims the benefit of Korean Patent Appli-
cation No. 10-2014-0088306, filed on Jul. 14, 2014, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to phosphors and, more par-
ticularly, to yellow light emitting phosphors and light emit-
ting device packages using the same.

2. Discussion of the Related Art

Light emitting diodes (LEDs) are next-generation light
emitting devices capable of substituting for fluorescent
lamps, which are the most commonly used existing normal
luminaires.

LEDs have less power consumption than existing light
sources and may be regarded as being eco-friendly because
they do not include mercury unlike fluorescent lamps. In
addition, LEDs have advantages including long lifespan and
high response speed as compared to existing light sources.

These LEDs may be used in conjunction with phosphors
that absorb light emitted from LEDs to emit various colors of
light. These phosphors may usually emit yellow light, green
light, and red light.

White LEDs are currently fabricated into a combination of
LEDs that emit blue light and phosphors adapted to convert
emission wavelengths. Expansion in the use range of white
LEDs causes requirement of more efficient LEDs and, to this
end, emission efficiency of phosphors needs to be improved.
In addition, demand for LEDs having greater reliability is
increasing.

While yttrium aluminum garnet (YAG) phosphors, which
are oxide phosphors as disclosed in U.S. Pat. No. 5,998,925,
are known as yellow phosphors used in LEDs, the YAG phos-
phors have low thermal stability, which may problematically
cause luminance deterioration and color coordinate variation
at a high temperature.

In addition, while oxide phosphors and silicate-based
phosphors are known as yellow and green phosphors, these
phosphors have relatively low thermal stability and poor
water resistance, thus being likely to have a negative effect on
reliability of LED packages.

Therefore, there is a need to develop highly efficient and
reliable phosphors capable of creating white light in coopera-
tion with LEDs.

Moreover, blue LEDs may exhibit a wavelength shift to a
shorter wavelength as output of the blue LEDs becomes
higher and, therefore, there is a need to develop yellow light
emitting phosphors that exhibit high excitation efficiency
even at short wavelengths.

In addition, there is a need to develop phosphors having an
excellent color rendering characteristic when the phosphors
are used along with LEDs to produce white light.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to yellow
light emitting phosphors and light emitting device packages
using the same that substantially obviate one or more prob-
lems due to limitations and disadvantages of the related art.

One object of the present invention is to provide yellow
light emitting phosphors having high emission efficiency,
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2

high luminance, and an excellent color rendering character-
istic, and light emitting device packages using the same.

Additional advantages, objects, and features will be set
forth in part in the description which follows and in part will
become apparent to those having ordinary skill in the art upon
examination of the following or may be learned from practice.
The objectives and other advantages may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, in accordance with a first aspect of
the present invention, a yellow light emitting phosphor
includes a first phosphor adapted to emit light having a central
wavelength located within a band of 510 nm to 550 nm, a
second phosphor adapted to be mixed with the first phosphor
to emit light having a central wavelength located within a
band of 560 nm to 600 nm, and a third phosphor adapted to be
mixed with the first and second phosphors to emit light having
a central wavelength located within a band of 610 nm to 630
nm, the third phosphor having a light absorption rate of 50%
or less at a wavelength of 550 nm.

Here, the second phosphor may include at least one of
a-type SiAION(Li-a-SiAlON:Eu) containing Li as a metal
component and a-type SiAION(Ca-a-SiAlON:Eu) contain-
ing Ca as a metal component.

Here, the second phosphor may be represented by the
following chemical formula 1:

Li,_2,Eu,Si 12—(m+n)Alm+nOnN16—n >

where, “m” and “n” fulfill at least one condition of O=sm=2
and O=n=1.

Here, the first phosphor may include at least one of
BaYSi,N,:Eu, Ba;Si O, ,N,:Eu, CaSi,O,N,:Eu, SrYSi,N.:
Eu, a-type SiAlION(Ca-a-SiAION:Yb) containing Ca as a
metal component, LuAG, SrSi,O,N,:Fu, and -type SiAlO-
N:Eu.

Here, the first phosphor may be present in an amount of 62
wt % to 75.8 wt % when the sum of the first phosphor to the
third phosphor is 100 wt %.

Here, the second phosphor may be present in an amount of
20 wt % to 35 wt % when the sum of the first phosphor to the
third phosphor is 100 wt %.

Here, the third phosphor may be present in an amount of 3
wt % to 4.2 wt % when the sum of the first phosphor to the
third phosphor is 100 wt %.

Here, a ratio of the third phosphor to the second phosphor
may be within a range of 8.6% to 21.0%.

Here, the third phosphor may include at least one of
CaAlSiN;:Eu, (Sr, Ca)AlSiN;:Eu, Sr,SisNg:Eu, K,SiF:Mn,
LasSigN,;:Ce, SrAlSiN;:Eu, SrCN,:Eu, Ca,SisNg:Eu,
Ba,Si;Ny:Eu, SrAlSi,N,:Eu, and (Sr, Ba)SiN,:Eu.

Here, an emission spectrum of the yellow light emitting
phosphor within a wavelength band of 480 nm to 780 nm may
have a full width at half maximum of 120 nm or more.

In accordance with a second aspect to achieve the technical
object as described above, a yellow light emitting phosphor
includes a first phosphor adapted to emit light having a central
wavelength located within a band of 510 nm to 550 nm, a
second phosphor adapted to emit light having a central wave-
length located within a band of 560 nm to 600 nm, and a third
phosphor adapted to emit light having a central wavelength
located within a band of 610 nm to 630 nm, wherein a mixture
of the first phosphor to the third phosphor is excited by near
ultraviolet (UV) or blue excitation light to emit light of a
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spectrum having a central wavelength located within a band
0f 480 nm to 780 nm, and a full width at half maximum ofthe
spectrum is 120 nm or more.

Here, the third phosphor may be designed to minimize
absorption of light caused by the excitation light.

Here, the third phosphor may have a light absorption rate of
50% or less at a wavelength of 550 nm.

In accordance with a third aspect to achieve the technical
object as described above, a yellow light emitting phosphor
includes a first phosphor adapted to emit light having a central
wavelength located within a band of 510 nm to 550 nm, a
second phosphor adapted to emit light having a central wave-
length located within a band of 560 nm to 600 nm, and a third
phosphor adapted to emit light having a central wavelength
located within a band of 610 nm to 630 nm, wherein weight
proportions of the first phosphor, the second phosphor, and
the third phosphor are respectively within a range of 62 wt %
to 75.8 wt %, within a range of 20 wt % to 35 wt %, and within
a range of 3 wt % to 4.2 wt % when the sum of the first
phosphor to the third phosphor is 100 wt %.

In accordance with a fourth aspect to achieve the technical
object as described above, a light emitting device package
includes the yellow light emitting phosphor, and a light emit-
ting device configured to emit near ultraviolet (UV) or blue
light to excite the yellow light emitting phosphor.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the present inven-
tion as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the present invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the present invention and together
with the description serve to explain the principle of the
present invention. In the drawings:

FIG. 1 is a graph showing a photopic curve that represents
human visibility;

FIG. 2 is a graph showing an emission spectrum in an
example of a white light emitting device package using a
yellow light emitting phosphor;

FIGS. 3to 5 are graphs showing an excitation spectrum and
an emission spectrum of a red phosphor;

FIG. 6 is a graph showing an emission spectrum in the case
of'a white light emitting device package using a yellow light
emitting phosphor according to the present invention;

FIG. 7 is a sectional view showing one example of a light
emitting device package using a yellow light emitting phos-
phor according to the present invention;

FIG. 8 is a sectional view showing another example of a
light emitting device package using a yellow light emitting
phosphor according to the present invention; and

FIG. 9 is a partial enlarged view of FIG. 7 showing a
process of producing white light using a yellow light emitting
phosphor according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

While the present invention is susceptible to various modi-
fications and alternative forms, specific embodiments thereof
are shown by way of example in the drawings and will herein
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be described in detail. It should be understood, however, that
there is no intent to limit the present invention to the particular
forms disclosed, but on the contrary, the present specification
is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the specification as
defined by the claims.

It will be understood that, when an element such as a layer,
region or substrate is referred to as being “on” another ele-
ment, it can be directly on the other element or intervening
elements may also be present.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, com-
ponents, regions, layers and/or sections, these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms.

According to the present invention, yellow light having
high luminance and an excellent color rendering characteris-
tic may be produced by mixing green, amber, and red phos-
phors which are excited with high efficiency by near ultravio-
let (UV) and blue light as an excitation source.

A phosphor that emits yellow light as described above may
be a mixture of a first phosphor (green phosphor) that emits
light having a central wavelength located within aband of 510
to 550 nm, a second phosphor (amber phosphor) that emits
light having a central wavelength located within a band of 560
to 600 nm, and a third phosphor (red phosphor) that emits
light having a central wavelength located within aband 0f 610
to 630 nm.

In the following description, the first phosphor will be
referred to as a green phosphor, the second phosphor will be
referred to as an amber phosphor, and the third phosphor will
be referred to as a red phosphor.

The green phosphor, the amber phosphor, and the red phos-
phor may include materials as follows.

More specifically, the green phosphor may include at least
one of BaYSi,N,:Eu, Ba;Si;O,,N,:Eu, CaSi,O,N,:Eu,
SrYSi,N.:Eu, a-type SiAION(Ca-a-SiAION:Yb) contain-
ing Ca as a metal component, LuAG, SrSi,O,N,:Eu, and
p-type SiAION:Eu.

The green phosphor may emit light having a central wave-
length located within a band of 510 to 550 nm as mentioned
above.

Here, LuAG is known as a chemical formula of Lu; AL O, 5:
Ce and f-type SiAION:Eu may be represented by a chemical
formula in which Eu is added to a basic structural formula of
Si6—ZAIZOZN8—Z'

The amber phosphor may include at least one of a-type
SiAION(Li-a-SiAlON:Eu) containing [.i as a metal compo-
nent and a-type SiAION(Ca-a.-SiAION:Eu) containing Ca as
a metal component.

The amber phosphor may emit light having a central wave-
length located within a band of 560 to 600 nm as mentioned
above.

The red phosphor may include at least one of CaAISiNj;:
Eu, (Sr,Ca)AlSiN;:Eu(SCASN), Sr,SisNg:Eu, K,SiF:Mn,
LasSigN,;:Ce, SrAlSiN;:Eu, SrCN,:Eu, Ca,SisNg:Eu,
Ba,SisNg:Eu, SrAlSi,N.:Eu, and (Sr,Ba)SiN,:Eu.

The red phosphor may emit light having a central wave-
length located within a band of 610 to 630 nm as mentioned
above.

While nitride phosphors or oxide nitride phosphors are
primarily described as examples of the green phosphor, the
amber phosphor, and the red phosphor, of course, it will be
understood that other phosphors except for these phosphors
may be used.
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Here, the amber phosphor may be represented by the fol-
lowing chemical formula, and “m” and “n” may fulfill at least
one condition of 0=sm=2 and O=n=<]1.

Li Chemical Formula 1

EUSis nmAl Nis

m—2x enOn

Meanwhile, the red phosphor may exhibit a light absorp-
tion rate of 50% or less at a wavelength of 550 nm. That is,
50% or less of the red phosphor may be excited by light
having a wavelength of 550 nm. This will be described later in
detail.

With the yellow light emitting phosphor obtained by mix-
ing the green phosphor, the amber phosphor, and the red
phosphor having features as described above, a full width at
half maximum of an emission spectrum within a wavelength
band of 480 to 780 nm may be 120 nm or more. This may
mean that the yellow light emitting phosphor achieves a con-
siderably increased color rendering characteristic.

Here, the green phosphor may be present in an amount of
62 to 75.8 wt % when the sum of the green phosphor, the
amber phosphor, and the red phosphor is 100 wt %.

The amber phosphor may be present in an amount of 20 to
35 wt % when the sum of the green phosphor, the amber
phosphor, and the red phosphor is 100 wt %.

The red phosphor may be present in an amount of 3 to 4.2
wt % when the sum of the green phosphor, the amber phos-
phor, and the red phosphor is 100 wt %.

Meanwhile, a proportion of the red phosphor with respect
to the amber phosphor may be within a range of 8.6% to
21.0%.

The mixture of the green phosphor, the amber phosphor,
and the red phosphor as described above may be excited by
near UV or blue light to emit yellow light having high lumi-
nance. In addition, the yellow light may be combined with
blue light as an excitation source to enable emission of white
light having high luminance and an excellent color rendering
characteristic. Accordingly, the resulting phosphor may
achieve high emission efficiency owing to a high excitation
rate thereof by near UV or blue light.

While a-type SiAION containing Ca as a metal component
has an emission central wavelength of about 600 nm, as
described above, using Li-a-SiAION having a central wave-
length located within a band of 550 to 590 nm may increase
visibility by about 25% with respect to emission of light
having the same peak strength. More preferably, greater vis-
ibility may be achieved by enabling emission of light having
a central wavelength located within a band of 578 to 588 nm.
In addition, higher luminance and a more excellent color
rendering characteristic may be achieved by mixing a red
phosphor, a light absorption rate of which within a band of
550 to 560 nm is adjusted. However, as mentioned above, in
some cases, even a phosphor that emits light having a central
wavelength located within a band of 560 to 600 nm may
achieve characteristics of the present invention.

FIG. 1 is a graph showing a photopic curve that represents
human visibility.

As shown, a value of human visibility becomes the maxi-
mum at a wavelength of about 555 nm. That is, humans sense
that light having a wavelength of 555 nm is the strongest light
with respect to the same luminous intensity.

Accordingly, Li-a-SiAION having a central wavelength
located within a band of 550 to 590 nm, used in the present
invention, may achieve greater visibility than a-type SiAION
that typically having an emission central wavelength of about
600 nm.
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That is, a viewer can sense light having the same luminous
intensity as if the light is brighter and, therefore, this emission
wavelength adjustment may cause luminance increase
effects.

Li-a-SiAION, which may be used as the amber phosphor
according to the present invention, may improve visibility by
about 25% as compared to Ca-a-SiAION with respect to
emission of light having the same peak strength.

Inthe present invention, to achieve emission of light having
a central wavelength located within a band of 550 to 590 nm,
the substitution amount of Li as well as the amount of oxygen
may be adjusted upon synthesis of SIAION.

Table 1 shows emission wavelengths (peak wavelengths)
and emission luminance of the amber phosphor acquired by
adjusting the amount of oxygen (n; the value in the above
chemical formula 1).

For this emission, in the above chemical formula 1, “m”
and “n” may fulfill at least one condition of 0=m=2 and
O=ns<l. In addition, in the above chemical formula 1, “x”
designates the amount of an activator (Eu) and is normally
substituted with metal ions (lithium (Li) and aluminum (Al))
within a range of 10% or less. That is, “x” may have a value
within a range of 0.01 to 0.1.

TABLE 1
Amount of Oxygen Emission wavelength
(n) (nm) Emission brightness
0 588 95%
0.1 583 100%
0.25 581 92%
0.5 581 91%
1 578 85%
2 560 60%

As can be seen from Table 1, an emission wavelength may
vary according to the amount of oxygen in the amber phos-
phor. That is, it can be appreciated that the emission wave-
length is 588 nm and the emission luminance is 95% when the
amount of oxygen (n) is 0 and that the emission wavelength
may be reduced to 578 nm when the amount of oxygen (n) is
1.

In addition, in the case of varying the amount of oxygen (n)
to a range of 1=n<2 to improve emission efficiency via an
additional visibility characteristic, it is possible to vary the
emission wavelength to 560 nm. In this way, through adjust-
ment in the amount of oxygen and, more particularly, through
increase in the amount of oxygen, an emission wavelength of
the phosphor may be easily shifted to a shorter wavelength.

As can be seen from Table 1, the highest emission lumi-
nance is achieved when the amount of oxygen (n) is 0.1 and
the emission wavelength is 583 nm.

As described above, the present invention may produce
yellow light exhibiting excellent luminance by mixing the
first phosphor as a green light emitting phosphor and the
second phosphor as an amber light emitting phosphor.

In addition, improved emission luminance may be
achieved by adjusting emission wavelengths of the green
phosphor and the amber phosphor and a mixing ratio thereof.
Simultaneously, a color rendering index (CRI) that indicates
a color rendering characteristic of a light source may be
improved.

The color rendering index (CRI) is an index for indication
of'a color rendering characteristic of a light source and has a
numerical value that indicates a coincidence degree between
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color perception of an object under a sample light source and
color perception of the same object under a prescribed refer-
ence light source.

Table 2 shows that luminance and CRI may be improved by
mixing the green phosphor and the amber phosphor as fol-
lows.

TABLE 2
Color
Coordinates Emission
Phosphor CIEx CIEy CRI Luminance
Yellow Phosphor 0.454 0.531 36.5 100
535 nm 600 nm 0.458  0.513 48.5 89
Green (%) Amber (%)
535 nm 583 nm 0.444  0.527 39.7 103.8
Green (%) Amber (%)

That is, it can be appreciated that the yellow light emitting
phosphor using the green phosphor (having a peak wave-
length of 535 nm) and the amber phosphor (having a peak
wavelength of 583 nm) according to the present invention
may achieve higher emission luminance and CRI as com-
pared to a conventional yellow light emitting phosphor using
a yellow phosphor (that refers to a typical widely used YGA
phosphor) and Ca-a-SiAION.

FIG. 2 is a graph showing an emission spectrum in one
example of a white light emitting device package using a
yellow light emitting phosphor.

As exemplarily shown in FIG. 2, it can be appreciated that
high quality white light may be emitted via combination of
blue excitation light and yellow light emitted as a yellow light
emitting phosphor is excited by the blue light.

That is, the example of the yellow light emitting phosphor
(amixture of a green phosphor and a 583 nm amber phosphor)
exhibits a superior optical characteristic to a conventional
yellow light emitting phosphor and another example (a mix-
ture of a green phosphor and a 600 nm amber phosphor).

In this way, owing to high luminous intensity and excellent
visibility within a yellow light emitting band, the yellow light
emitting phosphor may produce high quality white light in
cooperation with near UV or a blue light emitting device.

A light emitting device package, which enables emission
of yellow light using a combination of a green phosphor and
an amber phosphor as described above, advantageously
achieves a strong peak strength at or around a wavelength of
555 nm that ensures high visual efficiency.

However, considering a spectrum of the light emitting
device package as exemplarily shown in FIG. 2, a full width
at half maximum of a wavelength within a band of 500 to 600
nm may not be sufficiently wide for application to high qual-
ity luminaires.

Accordingly, to allow luminaires to achieve high-grade
color expression, a uniform peak strength in a visible light
wavelength range (i.e. in a band 0380 to 780 nm) needs to be
achieved. This may improve a color rendering characteristic,
which is represented by a color rendering index (CRI) of
light, to become close to that of sunlight.

In addition, through provision of the light emitting device
package having a wide spectrum as described above, a display
using the same may show color of a wide gamut.

As mentioned above, the color rendering index (CRI) is an
index for indication of a color rendering characteristic of a
light source and has a numerical value that indicates a coin-
cidence degree between color perception of an object under a
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sample light source and color perception of the same object
under a prescribed reference light source.

The color rendering index of a luminaire is a numerical
value that indicates how similar a visual environment for
color perception is to an environment under sunlight. More
specifically, a degree of coincidence between a surface color
of'an object under a test light source and a surface color of the
same object under a reference light source is quantified into a
numerical value to measure quality of a luminaire.

To improve a color rendering characteristic beyond that as
in the above-described case of attaining the yellow phosphor
by mixing the green phosphor and the amber phosphor, an
emission spectrum may be changed into a wider form to allow
uniform peak strength distribution in a visible light wave-
length range (in a band of 380 to 780 nm).

To achieve an improved spectrum form as described above,
a long-wavelength red phosphor may be added to the green
phosphor and the amber phosphor to make a phosphor mix-
ture. In this way, a spectrum may be increased at a long
wavelength of 580 nm or more and uniform peak strength
may be achieved.

In addition, the amount of the green phosphor may be
increased in order to achieve color balance with regard to
mixing of the red phosphor as described above. That is, mix-
ing of the red phosphor as described above may increase a
spectrum at a longer wavelength on the basis of 550 nm, i.e.
ata wavelength of 550 nm or more and, therefore, the amount
of the green phosphor having a short wavelength (of 550 nm
or less) may be increased for color balance.

Meanwhile, as exemplarily shown in FIG. 3, the red phos-
phor may perform light emission via absorption of (excitation
by) blue light, light emitted from the green phosphor and the
amber phosphor, and yellow light as a combination thereof.

In FIG. 3, the left dotted line designates an excitation
spectrum, i.e. a spectrum of light absorbed by the red phos-
phor, and the right solid line designates an emission spectrum.

Accordingly, it is possible to minimize absorption of light
except for blue excitation light by the red phosphor by adjust-
ing an excitation spectrum of the red phosphor. This may
prevent reduction in the emission efficiency of the yellow
phosphor and, consequently, may increase the emission effi-
ciency while improving a color rendering characteristic.

To this end, an absorption intensity of the red phosphor at
a wavelength of 550 nm may be adjusted to 50% or less. That
is, it is possible to minimize absorption of light emitted from
the green, amber, and yellow phosphors by adjusting a point
of'a spectrum, where the absorption intensity of the red phos-
phor becomes 50%, to be located at a wavelength of 550 nm
or less.

Design of the red phosphor as described above will now be
below in detail.

As mentioned above, in the case of mixing the red phos-
phor in order to achieve an improved emission characteristic,
such as an improved color rendering characteristic, as exem-
plarily shown in FIG. 4, deterioration in luminance may occur
because the red phosphor absorbs light within an emission
wavelength band (e.g., green light having a wavelength of 530
nm and yellow light having a wavelength of 560 nm) emitted
from the phosphors, in addition to excitation light.

To minimize this phenomenon, the red phosphor may be
designed to minimize absorption of light except for excitation
light by moving an excitation spectrum of the red phosphor to
a shorter wavelength such that a light absorption rate of the
red phosphor becomes 50% at a wavelength band of 550 nm
or less.

FIG. 4 shows an example of excitation (absorption) spectra
depending on respective red light emitting wavelengths. In
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addition, FIG. 5 shows an example of emission spectra of red
phosphors having different peak wavelengths.

In these examples, it can be appreciated that the red phos-
phor having a peak wavelength of 610 nm has a light absorp-
tion rate of 50% or less at a wavelength of 550 nm. More
accurately, it can be appreciated that a light absorption rate of
the red phosphor becomes 50% at a wavelength of 547 nm. In
addition, it can be appreciated that a light absorption rate of
the red phosphor having a peak wavelength of 630 nm
becomes 50% at a wavelength of 564 nm, a light absorption
rate of the red phosphor having a peak wavelength of 650 nm
becomes 50% at a wavelength of 585 nm, and a light absorp-
tion rate of the red phosphor having a peak wavelength of 660
nm becomes 50% at a wavelength of 600 nm.

Through this design, it can be appreciated that using the red
phosphor that has a peak wavelength of 610 nm and also has
a light absorption rate of 50% or less at a wavelength of 550
nm may minimize absorption of light, rather than absorption
of'excitation light. However, in some cases, the red phosphors
having peak wavelengths of 630 nm, 650 nm, and 660 nm in
the above example may be used.

As described above, a light absorption rate of the red phos-
phor may be adjusted and, in turn, a color rendering charac-
teristic as well as emission efficiency may be improved via
selection of the red phosphor based on a peak wavelength of 25
the red phosphor having the adjusted light absorption rate.

20

Example

Table 3 shows CRI and relative luminous flux depending
on the proportions of phosphors.

TABLE 3
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As can be seen from Condition No. 3 of Table 3, in the case
of using the aforementioned materials, an optimum CRI and
emission efficiency (relative luminous flux) are acquired
when a ratio of the red phosphor to the amber phosphor is
12.7%. Here, the emission efficiency is a relative value under
assumption that a value in Condition No. 3 is 100%.

In addition, weight proportions of the green phosphor, the
amber phosphor, and the red phosphor in the above case are
respectively 67.7 wt %, 28.66 wt %, and 3.64 wt %. At this
time, by rounding off the weight proportions to the nearest
hundredths, the resulting values are respectively 67.7 wt %,
28.7 wt %, and 3.6 wt %. The CRI and the relative luminous
flux based on these values may be sufficiently meaningful.
For example, the rounded values may be within a tolerance
range of optimum weight proportions in terms of the CRI and
the relative luminous flux.

However, in other cases, meaningful CRI and emission
efficiency with regard to phosphors may be acquired. That is,
as shown in Table 3, the case in which weight proportion of
the green phosphor is within a range of 62 to 75.8 wt %, the
case in which the weight proportion of the amber phosphor is
within a range of 20 to 35 wt %, and the case in which the
weight proportion of the red phosphor is within a range of 3 to
4.2 wt % may be meaningful.

In addition, in the case in which the ratio of the red phos-
phor to the amber phosphor is within a range of 8.6% to

Phosphor Proportion (%)

Amber Red Ratio of Red Relative
Green phosphor  phosphor  phosphor to Amber luminous
Condition Phosphor (580 nm) (610 nm) phosphor CRI  flux (%)
1 62% 35% 3% 8.6% 64 96%
2 66.58% 30% 3.42% 11.4% 68 98.4%
3 67.7% 28.66% 3.64% 12.7% 74 100%
4 71.2% 25% 3.8% 15.2% 77 98%
5 75.8% 20% 4.2% 21.0% 82 94%

In Table 3, ayellow phosphor is prepared by mixing a green =

phosphor, an amber phosphor having a peak wavelength of
580 nm, and a red phosphor having a peak wavelength of 610
nm with one another, and a CRI and relative luminous flux
depending on the proportions of the respective phosphors are
shown.

Inthe shown example, LuAG is used as the green phosphor,
Li-a-SiAION is used as the amber phosphor, and SCASN
((Sr, Ca)AlSiN;:Eu) having an adjusted excitation wave-
length is used as the red phosphor.

50

21.0%, the CRI or emission efficiency may be contemplated
as a meaningful value that may be relatively increased when
these phosphors are applied to a light emitting device pack-
age.

Table 4 shows comparison results of CRI and relative lumi-
nous flux between the case in which phosphors are mixed in
proportions to achieve optimum CRI and emission efficiency
(relative luminous flux) in Table 3 and other proportions of
phosphors.

TABLE 4

Phosphor Proportion (%)

Amber Amber Red Red Relative
Yellow Green Phosphor  Phosphor  Phosphor Phosphor luminous
Condition Phosphor Phosphor (600 nm) (580 nm) (610nm) (630nm) CRI flux (%)
1 100% — — — — — 67 103%
2 — 77.56% 22.44% — — 74 100%
3 — 59.7% — 40.3% — — 71 103%
4 — 76.5% — 21.0% — 2.5% 74 100%
5 — 67.7% 28.66% 3.64% — 74 103%
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As a yellow phosphor for comparison, a YAG phosphor is
used by way of example in Condition No. 1. As can be seen
from Table 4, the YAG phosphorhas a CRI of 67 and a relative
luminous flux of 103%.

Inaddition, as can be seen from Condition No. 2, in the case
in which both a green phosphor and an amber phosphor
having a peak wavelength of 600 nm are used, a CRI increases
to 74 and a relative luminous flux is reduced, as compared to
those in Condition No. 1.

Meanwhile, as can be seen from Condition No. 3, in the
case in which both a green phosphor and an amber phosphor
having a peak wavelength of 580 nm are used, a CRI increases
to 71 and a relative luminous flux increases to 103%, as
compared to those in Condition No. 1.

As can be seen appreciated from Condition No. 4 as a
comparative example, in the case in which a green phosphor,
an amber phosphor having a peak wavelength of 580 nm and
ared phosphor having a peak wavelength of 630 nm are used,
a CRI increases to 74 and a relative luminous flux is reduced
to 100%, as compared to those in Condition No. 1.

On the other hand, as can be seen from Condition No. 5, in
the case in which a green phosphor, an amber phosphor hav-
ing a peak wavelength of 580 nm and a red phosphor having
a peak wavelength of 610 nm according to the present
embodiment are used, a CRI increases to 74 and the relative
luminous flux is not less than that of the YAG phosphor and,
for example, is 103%. Here, the relative luminous flux of
Condition No. 5 is described as 103%, which is identical to
that of the YAG phosphor, and other values of Condition No.
5 are identical to those of Condition No. 3 in Table 3.

FIG. 6 is a graph showing an emission spectrum in the case
of'a white light emitting device package using a yellow light
emitting phosphor according to the present invention.

As exemplarily shown in FIG. 6, it can be appreciated that
high quality white light may be emitted via combination of
blue light having a wavelength of about 430 nm and yellow
light emitted from a yellow light emitting phosphor according
to the present invention as the yellow light emitting phosphor
is excited by the blue light.

That is, the yellow light emitting phosphor (a mixture of a
green phosphor, an amber phosphor, and a red phosphor)
according to the present invention exhibits a superior optical
characteristic to a comparative example (a mixture of a green
phosphor and an amber phosphor).

As can be appreciated from the above description, the
yellow phosphor of the present invention has no deterioration
in light intensity and visibility as compared to the compara-
tive example and is capable of emitting high quality white
light in cooperation with near UV or a blue light emitting
device.

In the case of the comparative example, as exemplarily
shown in FIG. 2, the mixture of the green phosphor and the
amber phosphor exhibits a superior characteristic to conven-
tional yellow phosphors, such as YAG phosphors.

However, as can be seen from the drawings, a spectrum of
light emitted from the yellow light emitting phosphor accord-
ing to the present invention shows relatively uniform peak
strength distribution in a visible light wavelength range (in a
band of 380 to 780 nm) and achieves improved color render-
ing characteristic via change of the emission spectrum to a
wider form.

In conclusion, the yellow light emitting phosphor may emit
light of a wider spectrum located within a wavelength band of
480 to 780 nm by being excited by near UV or blue light and
a full width at half maximum of the resulting spectrum has a
value of 120 nm or more that is greater than 118 nm of the
comparative example. More specifically, it can be appreciated
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that a full width at half maximum of the emission spectrum of
the yellow light emitting phosphor according to the example
of the present invention is 131 nm.

As described above, the present invention may provide a
yellow light emitting phosphor having a good emission char-
acteristic and the yellow light emitting phosphor may mini-
mize deterioration in intensity (luminance) and improve a
color rendering index (CRI).

In addition, the present invention may be applied to design
of an illuminator having a high CRI of 80 or more and,
consequently, may result in an improved color rendering
characteristic close to that of sunlight.

In addition, the present invention may improve a color
rendering index via design of a continuous spectrum and
provide an optimum mixing ratio of phosphors to achieve the
improved color rendering index. Thereby, provision of such
an illuminator (e.g., a light emitting device package) having a
wide spectrum allows a display to express color of a wide
gamut.

<Light Emitting Device Package>

FIG. 7 is a sectional view showing one example of a light
emitting device package using a yellow light emitting phos-
phor according to the present invention. Specifically, FIG. 7
shows an example of a lamp type light emitting device pack-
age 100 according to one embodiment of the present inven-
tion.

The lamp type white light emitting device package 100
includes a pair of lead frames 110 and 120 and a light emitting
device 130 that generates light upon voltage application.

The light emitting device 130 is electrically connected to
the lead frames 110 and 120 via wires 140 and a light trans-
missive resin 150 is molded over the light emitting device
130. The light emitting device 130 may emit near UV or blue
light.

In addition, instead of the light emitting device to emit near
UV, other light emitting devices that have a main emission
peak wavelength within the same wavelength range, such as a
laser diode, surface emission laser diode, inorganic electrolu-
minescent device, organic electroluminescent device, and the
like, may be used. In the present invention, use of a nitride
semiconductor light emitting diode is described as a preferred
application example. In FIG. 7, the light emitting device 130
is schematically shown, and any one of horizontal and vertical
nitride semiconductor light emitting diodes may be used.

The light transmissive resin 150 may include phosphors
170, 171 and 172 (see FIG. 9) uniformly dispersed therein,
and a shell material 160 may be provided on the light trans-
missive resin 150 to finish an exterior space of the entire
device.

The used phosphors 170, 171 and 172 may respectively
include the first phosphor (green phosphor) 170, the second
phosphor (amber phosphor) 171, and the third phosphor (red
phosphor) 172 as described above to emit yellow light by
being excited by light emitted from the light emitting device
130. In some cases, other phosphor(s) may be added to the
aforementioned phosphors. In some cases, two or more kinds
of phosphors may be provided.

The light transmissive resin 150, which is used to form a
molding member, may be selected from among light trans-
missive epoxy resin, silicon resin, polyimide resin, urea resin,
acryl resin, and the like. Preferably, the light transmissive
epoxy resin or the light transmissive silicon resin may be
used.

While the light transmissive resin 150 of the present
embodiment may be molded around the entire light emitting
device 130, the light transmissive resin 150 may be partially
molded only on a light emitting region as needed.
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This is because, in the case in which a high-output light
emitting device 130 having a large size is wholly molded, this
may have a negative effect on uniform dispersion of the
phosphors 170, 171 and 172 in the light transmissive resin
150. Inthis case, partially molding the light transmissive resin
150 only at a light emitting region may be advantageous.

FIG. 8 is a sectional view showing another example of a
light emitting device package using a yellow light emitting
phosphor according to the present invention. FIG. 8 shows a
surface-mount type light emitting device package 200.

The surface-mount type light emitting device package 200
according to one embodiment of the present invention, as
exemplarily shown in FIG. 8, includes cathode and anode
lead frames 210 and 220, and a light emitting device 240
disposed on any one of the cathode and anode lead frames 210
and 220 to generate light upon voltage application. The light
emitting device 240 may be a light emitting diode or laser
diode.

While FIG. 8 shows an example of the light emitting device
240 having a horizontal structure, of course, a light emitting
device having a vertical structure may be used.

The light emitting device 240 is electrically connected to
the lead frames 210 and 220 via wires 250, and a light trans-
missive resin 260 is molded over the light emitting device
240. The lead frames 210 and 220 may be secured to a
package body 230, and the package body 230 may take the
form of a reflector cup.

In addition, phosphors 270, 271 and 272 may be dispersed
in the light transmissive resin 260.

The used phosphors 270, 271 and 272 may respectively
include the first phosphor 270, the second phosphor 271, and
the third phosphor 272 as described above, which are mixed
with one another and dispersed in the light transmissive resin
260. Another phosphor may be added to the aforementioned
phosphors. In some cases, the added phosphor may include
two or more kinds of phosphors.

The light transmissive resin 260, which is used to form a
molding member, may be selected from among light trans-
missive epoxy resin, silicon resin, polyimide resin, urea resin,
acryl resin, and the like. Preferably, the light transmissive
epoxy resin or the light transmissive silicon resin may be
used.

While the light transmissive resin 260 may be molded
around the entire light emitting device 240, the light trans-
missive resin 260 may be partially molded only on a light
emitting region as needed.

A description of the other parts not described herein may be
replaced with the above description of the same parts with
reference to FIG. 7.

The light emitting device package 100; 200 according to
the present invention as described above in detail may be a
white light emitting device package.

FIG. 9 is a partial enlarged view of FIG. 7 showing a
process of creating white light. The following description
may be equally applied to the case shown in FIG. 8.

Blue light within a wavelength range of 400 to 480 nm,
which corresponds to near UV or blue light emitted from the
light emitting device 130, passes through the phosphors 170,
171 and 172.

Some of the blue light is used to excite the phosphors 170,
171 and 172 to generate light having a central wavelength
located within a range of 500 to 600 nm as exemplarily shown
in FIG. 6 and the other blue light directly passes through the
phosphors 170, 171 and 172.

At this time, light emitted from the light emitting device
130, as shown, excites the respective phosphors 170, 171 and
172 such that light a, light b and light ¢ emitted respectively
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from the phosphors 170, 171 and 172 are combined with one
another to enable emission of yellow light. As the yellow light
is mixed with the blue light from the light emitting device
130, emission of white light may be accomplished.

As a result, white light having a spectrum of a wide wave-
length within a range 0400 to 700 nm may be emitted. At this
time, the red phosphor 172 causes formation of a wider spec-
trum, which enables creation of high quality light having an
excellent color rendering characteristic.

Although the exemplary embodiments have been illus-
trated and described as above, of course, it will be apparent to
those skilled in the art that the embodiments are provided to
assist understanding of the present invention and the present
invention is not limited to the above described particular
embodiments, and various modifications and variations can
be made in the present invention without departing from the
spirit or scope of the present invention, and the modifications
and variations should not be understood individually from the
viewpoint or scope of the present invention.

What is claimed is:

1. A yellow light emitting phosphor comprising:

a first phosphor including at least one of BaYSi,N:Eu,
Ba;Si;0,,N,:Eu, CaSi,O,N,:Eu, SrYSi,N,:Eu, a-type
SiAlION(Ca-a-SiAlON:Yb) containing Ca as a metal
component, Lu;AlLO, ,:Ce, and SrSi,O,N,:Eu, the first
phosphor being adapted to emit light having a central
wavelength located within a band of 510 nm to 550 nm;

a second phosphor including at least one of a-type SIAION
(Li-a-SiAlON:Eu) containing Li as a metal component
and a-type SiAION(Ca-a-SiAION:Eu) containing Ca
as a metal component, the second phosphor being mixed
with the first phosphor to emit light having a central
wavelength located within a band of 560 nm to 600 nm;
and

a third phosphor including at least one of CaAlSiN;:Eu,
(Sr, Ca)AlSiN;:Eu,  Sr,SisNg:Eu, K,SiFg:Mn,
La;SigN, ;:Ce, SrAlSiN;:Eu, SrCN,:Eu, Ca,SisNg:Fu,
Ba,SisNg:Eu, SrAlSi,N,:Eu, and (Sr, Ba)SiN,:Eu, the
third phosphor being mixed with the first and second
phosphors to emit light having a central wavelength
located within a band of 610 nm to 630 nm, the third
phosphor having a light absorption rate of 50% or less at
a wavelength of 550 nm.

2. The yellow light emitting phosphor according to claim 1,
wherein the second phosphor is a-type SiAION(Li-a-SiA-
ION:Eu) containing Li as a metal component.

3. The yellow light emitting phosphor according to claim 1,
wherein the second phosphor is represented by the following
chemical formula 1:

Li,,,Fu,Si 12—(m+n)Alm+nOnN16—n

[T Y]

where, “x”, “m” and “n” fulfill at least one condition of

0.01=x<0.1, O=sm=2 and O=n=<].

4. The yellow light emitting phosphor according to claim 1,
wherein the first phosphor is a phosphor represented by a
chemical formula of Lu,Al;O,,:Ce.

5. The yellow light emitting phosphor according to claim 1,
wherein the first phosphor is present in an amount of 62 wt %
to 75.8 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

6. The yellow light emitting phosphor according to claim 1,
wherein the second phosphor is present in an amount of 20 wt
% to 35 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.
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7. The yellow light emitting phosphor according to claim 1,
wherein the third phosphor is present in an amount of 3 wt %
to 4.2 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

8. The yellow light emitting phosphor according to claim 1,
wherein a ratio of the third phosphor to the second phosphor
is within a range of 8.6% to 21.0%.

9. The yellow light emitting phosphor according to claim 1,
wherein the third phosphor is a phosphor represented by (Sr,
Ca)AISiN;:Eu.

10. The yellow light emitting phosphor according to claim
1, wherein an emission spectrum of the yellow light emitting
phosphor within a wavelength band of 480 nm to 780 nm has
a full width at half maximum of 120 nm or more.

11. A yellow light emitting phosphor comprising:

a first phosphor including at least one of BaYSi,N,:Eu,
Ba;Si,0,,N,:Eu, CaSi,O,N,:Eu, SrYSi,N.:Eu, a-type
SiAION(Ca-a-SiAlON:Yb) containing Ca as a metal
component, Lu;Al;O,,:Ce, and SrSi,0,N,:Eu, the first
phosphor being adapted to emit light having a central
wavelength located within a band of 510 nm to 550 nm;

asecond phosphor including at least one of a-type SiAION
(Li-a-SiAlON:Eu) containing Li as a metal component
and a-type SiAION(Ca-a-SiAION:Eu) containing Ca
as a metal component, the second phosphor being
adapted to emit light having a central wavelength
located within a band of 560 nm to 600 nm; and

a third phosphor including at least one of CaAlSiN;:Eu,
(Sr, Ca)AlSiN;:Eu,  Sr,SigNg:Eu, K,SiFg:Mn,
La;SigN, ;:Ce, SrAlSiN;:Eu, SrCN,:Eu, Ca,SisNg:Fu,
Ba,Si;N:Eu, SrAlSi,N.:Eu, and (Sr, Ba)SiN,:Eu, the
third phosphor being adapted to emit light having a
central wavelength located within a band of 610 nm to
630 nm,

wherein a mixture of the first phosphor to the third phos-
phor is excited by near ultraviolet (UV) or blue excita-
tion light to emit light of a spectrum having a central
wavelength located within a band of 480 nm to 780 nm,
and a full width at half maximum of the spectrum is 120
nm or more.

12. The yellow light emitting phosphor according to claim
11, wherein the third phosphor is designed to minimize
absorption of light caused by the excitation light.

13. The yellow light emitting phosphor according to claim

11, wherein the third phosphor has a light absorption rate of

50% or less at a wavelength of 550 nm.
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14. The yellow light emitting phosphor according to claim
11, wherein the first phosphor is present in an amount of 62 wt
% to 75.8 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

15. The yellow light emitting phosphor according to claim
11, wherein the second phosphor is present in an amount of 20
wt % to 35 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

16. The yellow light emitting phosphor according to claim
11, wherein the third phosphor is present in an amount of3 wt
% to 4.2 wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

17. A yellow light emitting phosphor comprising:

a first phosphor including a phosphor represented by a
chemical formula of Lu;AlL;O,,:Ce, the first phosphor
being adapted to emit light having a central wavelength
located within a band of 510 nm to 550 nm;

a second phosphor including a-type SiAION(Li-a-SiA-
ION:Eu) containing Li as a metal component, the second
phosphor being adapted to emit light having a central
wavelength located within a band of 560 nm to 600 nm;
and

a third phosphor including a phosphor represented by (Sr,
Ca)AISiN;:Eu, the third phosphor being adapted to emit
light having a central wavelength located within a band
of 610 nm to 630 nm,

wherein weight proportions of the first phosphor, the sec-
ond phosphor, and the third phosphor are respectively
within a range of 62 wt % to 75.8 wt %, within a range of
20 wt % to 35 wt %, and within a range of' 3 wt % to 4.2
wt % when the sum of the first phosphor to the third
phosphor is 100 wt %.

18. The yellow light emitting phosphor according to claim
17, wherein the third phosphor has a light absorption rate of
50% or less at a wavelength of 550 nm.

19. The yellow light emitting phosphor according to claim
17, wherein the second phosphor is represented by the fol-
lowing chemical formula;

Li,,,Fu,Si 12—(m+n)Alm+nOnN16—n

[T Y]

where, “x”, “m” and “n” fulfill at least one condition of
0.01=x<0.1, O=sm=2 and O=n=<].

20. A light emitting device package comprising:

the yellow light emitting phosphor according to claim 17,
and

a light emitting device configured to emit near ultraviolet
(UV) or blue light to excite the yellow light emitting
phosphor.



